Transmission devices constitute a fundamental need. Moreover, the facilities introduce numerous restrictions on land, beginning with their actual permanent physical existence, through bans on construction and planting trees, to the possibility that the land is used by transmission companies (easement). In Poland, no legal provisions or coherent and uniform rules at the national level currently exist that would determine the range of execution of the easement right. This is confirmed by research performed by the authors. The first analysis covered legal acts as well as norms and technical guidelines for particular types of transmission infrastructure. The second study analysed was a survey conducted on a group of transmission companies representing different industries. The third study (supplementing the previous ones) concerned the analysis of two case studies in the scope of the discussed issue. The objective of this article was to develop a methodology for the determination of the scope of the easement right resulting from the existence of transmission devices on private land in Poland. The developed concept showed that the range should depend in particular on the type of land use in question. The model procedure proposed by the authors was developed in reference to environmental, social, and economic aspects, in accordance with the assumptions of sustainable land management. Organisation, is an action programme with an unprecedented scope and importance, defining the model of sustainable development at the global level. Agenda 2030 is of universal, horizontal character, and is very ambitious. It covers 17 Sustainable Development Goals and 169 targets. The responsibility for its implementation lies with the entire international community: developed countries, developing countries, and international organisations they are members of. One of the 17 goals of the Agenda is to "Build resilient infrastructure, promote inclusive and sustainable industrialisation and foster innovation", which in the scope of the analysed issue is related to a specific target, defined as follows: "Develop quality, reliable, sustainable and resilient infrastructure, including regional and transborder infrastructure, to support economic development and human well-being, with a focus on affordable and equitable access for all".
Introduction
Technical infrastructure is defined as a group of basic objects, facilities, and installations such as roads, bridges, power and telecommunication lines, pipelines for transmission of water, sewage, petroleum products, and other facilities with a service character [1] . Its characteristic feature is its course through a great deal of private land characterised by different protection statuses, e.g., arable land, forest land, Natura 2000 areas, landscape parks, urbanised areas, and land with increased flood risk. It should be emphasised that the effect of technical infrastructure is particularly strong in reference to agricultural space [2, 3] . The infrastructure also largely affects rural landscape which has been changing quite slowly, though constantly. According to Hernik, Gawroński and Dixon-Gough [4] , the landscape is most diverse in rural areas. Among other things, this contributes to urban sprawl, promotion of building development in local spatial plans, and the building of new infrastructure (i.e., roads and highways, transmission devices, etc.) [5] . Finally, it should be noted that landscape and space are significant non-renewable resources which need to be managed rationally, according to the rules of sustainable development [6] . conditions of private lands, limit the possibility of its efficient management [45] , decrease environmental and landscape values [3, 38] , and as a consequence reduce the value of the property [46, 47] .
No legal instruments currently exist in Poland that would afford land owners permanent protection of their land against future investments. Such policies are applied, for example, in North America, through the establishment of conservation easement, which is a market-based tool used to protect environmental amenities and ecosystem services that arise on private land [48] . Conservation easement may also be used to buffer agricultural land from encroaching on residential or industrial land uses [49] [50] [51] .
"Tools" exist, however, in the form of relevant legal titles that enable companies to implement a transmission investment even if the property owner does not express relevant consent. The basic title of this type in Poland is currently transmission easement. This right guarantees a company permanent legal title to land, i.e., it provides the possibility of implementing an investment as well as later existence of the infrastructure in the space of the land property. It imposes the obligation on the property owner to comply with a number of restrictions.
Therefore, the range of the restrictions should not be incidental, but should result from the assumptions of sustainable land management which combines technologies, policies, and activities aimed at integrating socio-economic principles with environmental concerns so as to simultaneously maintain or enhance production, reduce the level of production risk, protect the potential of natural resources and prevent (buffer against) soil and water degradation, be economically viable and socially acceptable, and assure community access to the benefits from improved land management [31] . Therefore, the in view of current challenges, rational land management that, in the analysed case concerns appropriate determination of the range of restrictions on land under various uses, is of key importance.
In this article, the authors undertake a discussion on the rules of determining the ranges of transmission easements established by companies in Poland. For this purpose, the study involved:
(1) the analysis of legal acts, norms, and technical guidelines for particular types of transmission infrastructure in search of provisions that would define ranges of established easements; (2) a survey among companies representing different branches for the purpose of obtaining answers concerning the dimensions of the established ranges and rules of their determination; and (3) the analysis of two case studies in the scope of the analysed subject. Based on the obtained results, the authors developed a methodology of determination of the range of restrictions resulting from established transmission easements in Poland, tested on a model object.
Selected International Solutions in the Scope of Restrictions Resulting from the Existence of Transmission Devices on Private Land
Easement is a commonly known legal title permitting the development of many areas of the economy. Easements are the oldest form of property rights over the property of others, dating back to Roman times when the climate and land relief forced the use of a neighbour's land for the efficient management of one's own [52] . Roman law designated easements of rural and urban land and personal easements. The former constituted the prototype of the legal title related to the construction of transmission devices currently obtained by transmission companies: water-pipe law, i.e., the right of transmitting drinking water through other people's land [52, 53] .
Under feudalism, the system of servitude was greatly extended beyond its origin in Roman law. This can be seen as part of a general trend under feudal law whereby the notion of absolute ownership underwent a substantial change [54] . The legacy has been accepted with no reservations by scientific and European legislatures until today [55] .
Due to different historical, social, and economic conditions, the specificity of legal regulations and technical solutions related to the registration of rights to land differs from country to country [56] . A different specificity also concerns legal titles obtained by transmission companies and rules of determination of ranges of restrictions caused by transmission devices. The characteristics of selected international solutions are presented below.
Canadian Solutions
In Canada, which has a federal system of government, the responsibility for land law results from legal regulations of particular provinces [57] . For example, in Ontario, easement can be established based on a civil law act. Registration of the document at the Local Registry Office is obligatory. It is also possible to establish easement through prescriptive rights. The establishment of easement requires the preparation of a reference plan presenting the proposed boundaries of the future or existing transmission corridors. In the case of public purpose investments and a lack of consent from the owners of private land, obtaining rights to land occurs based on the expropriation of the required width of the land belt. Owners of the land property are entitled to financial compensation for the established legal titles. The widths of the transmission easement belts are not legally imposed. Transmission companies have their own guidelines, although local governments recommend their respective widths in their design standards.
Latvian Solutions
In Latvia, the implementation of infrastructural investments involving the construction of transmission devices primarily occurs based on civil law agreements: (1) rights to construct an object, (2) leasehold, and (3) easement [58] . If the land owner does not wish to enter into an agreement, the relevant legal title to the land is established based on a court ruling. Agreements are subject to registration in the Legal Register (Landbook). In the case of on-ground volume objects (e.g., electrical substations), expropriation of land is performed. The range of spatial restrictions related to the functioning transmission infrastructure is defined by legal provisions [59] . Particular types of transmission devices depending on technical parameters are ascribed respective protection zones. For example, for overhead power lines, a land area and airspace at the height of this line, delimited by notional vertical planes on both sides from the outer wire of the overhead lines of electric power networks with a nominal voltage above 110 kV, is 30 m. In populated areas this corresponds to 8 m.
Slovakian Solutions
In Slovakia, the basic legal titles obtained by transmission companies in relation to the implementation of infrastructure investments are easements. Easements can be established based on a civil law agreement, court ruling, or administrative decision [60] [61] [62] . In the case of electric power devices, they can also be established based on binding law [63] . In such a situation, the easement arises on the day when the transmission company obtains a license for operation or acquires a building permit. The license holder shall be obliged to notify the property owner in writing of the registration of an easement in cadastre [64] . The transmission entrepreneur shall pay to the property owner a reasonable one-off indemnity for the establishment of easement and for the limited use of land corresponding to the level of restriction of a common use of the property. The scope of the range of easements is almost always defined by law. Almost every type of transmission device is regulated through a dedicated legal standard. For example, for overhead power lines with a voltage from 110 to 220 kV, the range of execution of easement reaches a distance of 20 m from the outer wires of the line. Apart from the legally defined size of the servient tenement, transmission companies define specific rules of protection (such as the prohibition to plant and grow permanent crops, plant trees, build buildings and fences, dig wells, etc.). When the scope of the rights is not defined by law, the limitation is only in the range of the actual position of the transmission device (without other spatial restrictions and compensation).
Bulgarian Solutions
In Bulgaria, the implementation of transmission investments on private land is based on the established land easement. Legal provisions strictly define the method of establishment and range of easement [65] [66] [67] . The right to pass deviations from common networks and facilities of the technical infrastructure through foreign real estate is established by a written agreement between the owners of the land with a notary certification of the signatures. Where no consent can be obtained between the land owners, and no other technical solution is clearly economically appropriate, the easement right shall be established by order of the mayor of the municipality or regional governor. In reference to water supply pipelines, a right on land easement can be also acquired by prescription in the case of a 10-year period of continuous use. The established easements should be registered in the Land Register (Cadastre) and Property Register. Indemnifications are payable due to the established right in the scope stipulated by legal provisions. The estimation is based on market data. Legal provisions also regulate the issue of ranges of the established easements. For example, for overhead power lines with a voltage of 110 kV or 220 kV, in populated areas their range reaches a respective distance of 4 m and 6 m from the maximum reach of the outer wires of the line. For agricultural areas, it is 3 m from the maximum reach of the outer wires of the line irrespective of the line's voltage.
Belarusian Solutions
In the Republic of Belarus, 98% of the land area is currently in state ownership. Therefore, problems with the establishment of easements on private land properties arise very rarely. Developer processes in Belarus include the construction design, its examination, obtaining construction licenses, etc. As a rule, designs for the construction of engineering networks and connections to them are usually carried out using state land. However, if the land constitutes private property, the right of use of the area is carried out on conditions determined by an easement contract or by a court decision. The contract of an easement and the right of an easement are subject to state registration. The scope of easement and conditions of use of the land are defined by technical regulations or by the contract.
Ukrainian Solutions
In Ukraine, since 2007, the implementation of infrastructural investments involving the construction of transmission devices can occur based on the established easements (land easements). They can arise based on an agreement, court ruling, or binding law [68] . The preferred statutory tool is the civil law agreement. The establishment of the said right is generally subject to fees (i.e., a fee for the joint use of the real estate). Moreover, the indemnification can cover compensation for losses resulting from lost benefits. In such a situation, however, it has to strictly result from the document establishing the easement. The resulting right should be registered in the land and mortgage register. The scope of execution of the easement should always be specified. The rules of determination of the range of the established easements are also not regulated by law. Exclusively in reference to electric power lines, they indirectly depend on technical guidelines, which, however, do not constitute legal provisions.
Methods
For the purpose of developing the methodology of determination of the scope of restrictions related to the existence of transmission devices on private land (the scope of transmission easement) in Poland, with consideration of sustainable land management, the following was performed: (1) analysis of the content of legal acts, norms, and technical guidelines in search for provisions that would define ranges of established easements; (2) a survey for the purpose of obtaining answers concerning dimensions of the ranges of easements established by companies, and rules of their determination; and (3) analysis of case studies in terms of the analysed issue.
Analysis of the Content of Legal Acts, Norms, and Technical Guidelines
Legal acts, norms, and technical guidelines were analysed in search for provisions that would define ranges of established easements or could define rules of their determination. The research was conducted in reference to the following main types of transmission devices: (a) overhead power lines; (b) gas pipelines; (c) oil pipelines; (d) power and signalling cable lines; (e) telecommunication lines; (f) water supply pipelines; (g) sewage pipelines; and (h) heating pipelines.
Survey
The survey on the dimensions of ranges of established easements and rules of their determination was conducted among transmission companies. Questionnaires were sent to 130 companies representing different branches of transmission infrastructure in Poland. The list of respondents was prepared based on company registers available in the Bulletin of Public Information. The questionnaires were directed to representatives of management boards (presidents) of particular companies. After prior consultations and internships conducted at companies, knowledge was obtained that the determined ranges constitute an arranged unified position of a given company.
The questionnaire asked about the range of the established easements depending on: (1) the type of transmission device; (2) technical parameters of the device; (3) other factors, including, e.g., (a) location towards the land surface, (b) land use (or land management), (c) surface area necessary for the performance of operation works, (d) surface area necessary for eliminating failures, and (e) other factors, if they affect the range of the established easements. Care was taken for the catalogue of parameters specified in the question to be of disobliging and open character. No answers were suggested. Therefore, the questionnaire additionally included a request for the explanation of rules of determination of the specified range.
Case Studies
Analyses of spatial restrictions occurring in the scope of the established easements were also performed based on the example of two objects.
The first with strategic importance at the national level was the double track 400 kV Ełk-Polish border power line, the so-called "Poland-Lithuania power line connection". The study covered a section of the line with a length of approximately 21 km located in north-eastern Poland in the Warmińsko-Mazurskie voivodship, within the administrative boundaries of the Wieliczka (154 cadastral parcels) and Olecko (55 cadastral parcels) communes. The line runs through land with variable land use and land management.
The second was an investment with supralocal character: a 15 kV cable power line feeding the power lines of the Polish Railways with a length of approximately 1.5 km, also located in the Warmińsko-Mazurskie Voivodship, in the Rybno commune, Tuczki village (16 cadastral parcels). The line runs through agricultural land with admitted homestead building development.
Results

Results of Analyses of the Content of Legal Acts, Norms, and Technical Guidelines
In the Polish legal system, a hierarchical system of law sources is binding. At the top, right after the Constitution of the Republic of Poland, there are legal acts and legal regulations that should be absolutely respected. The application of Polish norms is voluntary [69] . Technical guidelines are also only recommended for application. Considering the aforementioned importance and restrictiveness of application of the above regulations, a list of the main legal acts, norms, and technical guidelines was prepared that refer to the analysed types of transmission infrastructure devices (Table 1) . All transmission devices Act [72] Decision restricting the way of use of land property -Alternative legal title for transmission easement (only in the case of implementation of a public purpose) not applicable/lack 
3.
All transmission devices Act [73] Rules and courses of procedure in the scope of environmental impact assessments of the undertaking, description of the rules of society's participation in environmental protection.
not applicable/lack
4.
All transmission devices Act [74] Rules of environmental protection in the implementation of the investment.
Restrictions in the way of use of land property due to environmental protection not applicable/lack
5.
Overhead power lines Regulation [75] Admissible levels of electromagnetic fields in the environment depending on land use not applicable/lack 6.
Overhead power lines Regulation [76] Admissible noise levels in the environment depending on land use not applicable/lack In Poland, since 2008, in addition to land and personal easements, transmission easement is also designated [53, 88, 89] . According to the statutory definition, the right enables the company to use the encumbered property in the specified scope in accordance with the purpose of the devices [70, 71] . The introduced title is dedicated exclusively to investments with an industrial character. Until the time of its introduction, this type of undertaking could be implemented based on right of use, land easement, or contract law (i.e., rental, leasing, lending). In reference to public purpose investments, and in the case of a lack of consent of the land owner, they could also be implemented based on an administrative decision restricting the use of the real estate [72] . The decisions can also be issued currently but they do not establish transmission easement. However, they entitle transmission companies to use the land of others with a limited scope.
The preferred way in Poland to obtain rights to land for both the time of construction of a transmission device and its operation is currently via a transmission easement. The said limited property right can be established based on a civil law agreement, court decision, or by prescriptive rights. The objective of the introduction of the new regulation was to provide transmission companies with permanent legal title to land. Moreover, the provision aimed at guaranteeing access to transmission devices already constructed on the property of others-so-called "regulation of past circumstances", i.e., when the devices were constructed in the past without the transmission companies having a legal title to private land.
The established transmission easement is the basis for applying for a decision on a building permit. In the case of investments with high technical parameters, the decision is preceded by the preparation of an environmental impact assessment (EIA) [73] . An EIA considers the impact of an investment on the health and living conditions of people, material goods, historical sites, and the availability of minerals. An EIA therefore refers to the range of effects of different restrictions to which national legal acts, norms, and technical guidelines are applicable (Table 1) .
The provisions of the act [74] are particularly important to the above mentioned issue. According to them, "Exploitation of the installation causing the introduction of gases or dusts to the air, noise emission, and generation of electromagnetic fields should not cause exceedance of environmental quality standards outside the area to which the entity providing the installation has legal title. An exception is a situation when an area of limited use was established for the device. Then, the operation of the installation should not cause the exceedance of standards of environmental quality outside such an area".
An area of limited use is defined as a legally determined area under the effect of a plant or another object, for example, a wastewater treatment plant, municipal waste dump, composting plant, transportation route, airport, power line and station, or radio communication, radio navigation, or radio location installation. Therefore, if the area of limited use was not established, exceedance of environmental quality standards cannot exceed the area to which the company has legal title. The area cannot exceed the range of the established transmission easement.
Regulations defining admissible values of environmental impact of transmission devices are regulations [75, 76] concerning respectively admissible levels of electromagnetic fields and admissible noise levels. The former particularly refers to overhead power lines. Table 2 presents the physical parameters characterising the effect of electromagnetic fields on the environment and their acceptable levels, respectively, for areas designated for residential building development and areas accessible to the public. According to the above table, the threshold value of the amperage of the magnetic component of the electromagnetic field for both areas accessible to people and those designated for residential building development equals 60 A/m for frequencies of electrical networks amounting to 50 Hz (maximum frequency of power line). Differences occur in the threshold levels of the electric component that should not exceed 1 kV/m for areas designated for residential building development nor 10 kV/m for places accessible to the public (e.g., agricultural areas, forest areas).
According to regulation [76] , the acceptable level of noise is only subject to the norm for built-up areas. Legal provisions do not regulate the threshold values of noise levels for agricultural and forested areas. The acceptable values of indicators LDWN (day-evening-night level) and LN (long-term level) that are applicable for conducting a long-term policy in the scope of protecting against noise from overhead electrical transmission lines are presented in Table 3 . Table 3 . Acceptable levels of long-term medium level of noise expressed in LDWN (day-evening-night level) and LN (long-term-night level) indicators [76] .
No. Type of Land
Acceptable Long-Term Medium Level of Noise [dB]
LDWN Reference Period Equal to all Days in a Year
LN Reference Period Equal to all Times at Night
1.
Protection zone "A" health resorts; premises of hospitals, public nursing homes; areas of building development related to permanent or temporary stays of children and youth. 45 40 2.
Areas of single-and multi-family homesteads and collective residency development; recreational areas; residential and service areas; areas in centres of cities with a population of more than 100 thousand. 50 45 The remaining regulations [77] [78] [79] , norms [80] [81] [82] [83] [84] , and technical guidelines [85] [86] [87] specified in Table 1 are applicable in the design, construction, and alteration of transmission devices. They provide minimum distances from other devices and buildings. Their content, however, does not refer to the environmental impact of the device defined in the environmental and social sense, except for provisions concerning clearing trees.
Importantly, then, none of the regulations presented in Table 1 specifies ranges of established transmission easements, or rules of their determination.
Survey Results
Out of the 130 questionnaires sent, 34 responses were obtained. The response rate (26%) proved to be somewhat below expectations [90] . The analysis of the answers provided showed a relatively high reluctance of transmission companies to provide information on the established easements and resulting restrictions. Moreover, 32% of the obtained responses constituted a refusal to provide any information, which was justified by "trade secrets'" Further follow-up administering the survey might have increased the response rate. However, it was decided that cooperation with transmission companies and their anonymity would be better preserved if no further follow-up occurred, even if the overall response rate was low. Tables 4-7 include the obtained results. The presented results do not cover telecommunication lines, oil pipelines, sewage pipelines, and heating pipelines, because for those devices, the sent answers did not permit a pair comparison. The ranges specified in the tables constitute a range of space with the middle on the axis of the transmission device projected on the xy-plane. Companies justified the specified ranges with different factors. The justifications considering the same type of transmission device proved incoherent. The most frequently mentioned factors included: (1) maintaining the minimum distance of the device from buildings and other devices;
(2) area necessary for eliminating failures; (3) location of the device on private land (underground, ground-bound, overhead); (4) maintaining a safe distance from tree crowns or the root system; (5) method of operation; and (6) applied safety measures.
Results of the Analysis of the Case Studies
The analysis of the case studies showed the following patterns. In the case of the first object (400 kV overhead power line), the required range of the established easement was 70 m (35 m on each side of the axis of the line). The buffer was determined over the entire length of the line (21 km), irrespective of land use or land management. The specified requirements were justified by the exceedance of acceptable noise levels and components of the electromagnetic field. Within the determined range, restrictions were introduced, including a ban on construction and use of buildings with rooms for permanent residence, and a ban on the maintenance of trees, bushes, and vegetation exceeding 5 m in height. The acceptance of bearing with the transmission devices constructed on private land, and the obligation of making such property available for operational and repair purposes was also required. The right to use private land involving the clearing of existing trees and bushes in the scope necessary for the construction of the line was reserved.
In reference to the second object (15 kV cable power line), the transmission company required the establishment of a belt of restrictions of 1 m from the cable on the entire length of the route. The arranged restrictions involved a ban on construction and planting. An obligation of bearing with the presence of the device on private land, and providing access for the purpose of maintenance and repair was also introduced. The agreements establishing the easement stipulated that the range of expansion of the restrictions was determined according to "the rules of the company".
Discussion
Assessment of the Study Results
The review of international solutions showed the existence of many legal forms permitting the implementation of transmission investments on private land. The most common form proved to be easements. The established right is always accompanied by restrictions in the space of the land property. The range of the restrictions in certain countries is predefined (with the specification of particular values) and included in legal provisions (e.g., Latvia, Slovakia, and Bulgaria). In other countries, due to the lack of legal regulations, it is determined by transmission companies (e.g., Canada, Belarus, and Ukraine).
According to the analyses of the content of legal acts, norms, and technical guidelines performed by the authors (Section 4.1), there are no regulations in Poland that would impose such ranges. The new legal title introduced in the legislature in 2008 lacked executive acts that would specify issues related to the range of established transmission easements [91, 92] . The need was recognised in the scope of works on the government's draft of the act on transmission corridors (2010-2013). The works were discontinued, however, and the project itself was cancelled in 2013 based on the non-constitutional character of some of the provisions. Moreover, no new content was added to the already existing regulations (Table 1) that would fill the gap.
The lack of certain regulations would perhaps not be so significant if the ranges determined by companies were coherent at the national scale and if they were substantively justified. Such a solution would constitute rational land management, and would provide vast possibilities for both the environment and the people who depend on it [31] .
The survey, however, showed great divergencies in terms of scope. For a given type of transmission device with the same technical parameters, average differences proved to be double (Tables 4, 6 and 7) , and in the extreme case-in reference to cable power lines-even 12-fold. Such results were observed in the case of a voltage of 30 kV (answers from companies B2 and H2) and for a voltage of 6 kV (answers from companies F2 and H2) ( Table 5 ).
The justifications for the determination of the specified ranges resulting from the survey also revealed a lack of coherent assumptions. This is also confirmed by research conducted by Strzałka [93] , who concludes that there is currently a lack of uniform, rational rules for determining the ranges of established easements in Poland. Particular companies recommend different methods and rules for their determination. No measures aimed at sustainable and rational land management are undertaken, however.
The completed questionnaires usually referred to the type of transmission device and its technical parameters, as well as the form it takes in the space of the land property (i.e., underground, ground-bound, or overhead device). The aforementioned factors, however, are obvious, and should constitute data providing the basis for further arrangements.
The answers provided also referred to the necessity to retain minimum distances from buildings. The distances result from provisions of relevant regulations concerning the rules of the design and construction of a device (Table 1) . The specified buffers are of key importance due to the necessity of the provision of the safe operation of the device. The distances are therefore important in reference to devices with lower technical parameters. In reference to those with high parameters, their environmental impact is of key importance [73, 74] . This considerably exceeds the area where the device is located and its safe operation. The range of influence particularly depends on the land use in the area subject to the regulation [75, 76] . Its classification is determined by the division between building development areas and land accessible for people, e.g., agricultural, forest. According to the completed questionnaires, however, the factor was not considered by transmission companies. This is also confirmed by analyses of two case studies, where the establishment of transmission easement with the same range was demanded over the entire length of the route. In the case of one study object (overhead power line with a voltage of 400 kV) it was 70 m over the length of the 21 km of the route of the line irrespective of land use. In the case of the second study object (a cable power line with a voltage of 15 kV) it was 2 m, with an emphasis on the fact that the range was determined according to the rules "determined by the company".
The study shows that the current situation is favourable for companies that determine the ranges of established transmission easements in Poland on their own terms. The analyses also showed that their demands are particularly harmful in reference to agricultural and forest land [3] . Ranges of restrictions determined for such land are too large, making its rational management difficult. Due to the common degradation of resources resulting from improper land use practices [94] , such solutions should be prevented. In response to the issue, the authors proposed a methodology of determination of the range of transmission easement in reference to environmental, social, and economic aspects.
Proposal of the Methodology of Determination of the Range of Transmission Easement in Poland
The long-term economic competitiveness and security depends on the extent to which natural resources are used sustainably [95] . The conducted research and obtained results provided the basis for the development of a methodology of determination of the range of spatial restrictions caused by transmission infrastructure in Poland (transmission easement). The proposed concept is based on the combined interpretation of the content of relevant regulations included in Table 1 with consideration of the environmental, social, and economic aspects. It was assumed for the proposed concept to be uniform and coherent for all types of transmission devices, and to be objectively justified. The promoted idea should have an application analogical to the range of spatial restrictions determined in relation to the issued administrative decision restricting the use of the real estate [72] .
In reference to the range of easement, due to the binding record of property boundaries in two dimensions in Poland [96] [97] [98] , reference was made to ordinates (x, y) in the binding rectangular ordinate system. The developed methodology involves four stages (Figure 1 ). Stage I involves the verification of whether an area of limited use was established for a given infrastructure [74] . It is established based on a resolution of the powiat or voivodship council with regard to the failure to meet environmental quality standards. This may result from exceeding acceptable thresholds for components of electromagnetic fields [75] and noise level [76] . The area can in particular accompany overhead power lines with high and highest voltage.
Stage II involves the determination of the minimum range of restrictions (scope of easement execution) as a horizontal projection of the outermost elements of the device on a plane (x, y). The restrictions are related to the physical existence of the device on private land.
Stage III involves the verification of the purpose of land in local spatial plans or determination of the method of land management. The analysis of legal provisions showed the necessity to qualify land to one of four groups, namely: (1) forest land, (2) land for residential construction, (3) land for building construction (defined as land for construction of residential buildings, hospitals and public nursing homes, buildings related to permanent or temporary stays of children and youngsters, and land for rehabilitation, recreational and holiday, or residential and service purposes), and (4) other land. If the area of limited use was established (Stage I), the land division due to land use only requires the designation of forest areas.
Stage IV involves the determination of a potential additional expansion of the range of restrictions (scope of easement execution). The restrictions can result from retaining safe distances from other objects (Table 1) , and the need to perform operational measures, which would then concern all types of land. In the case of forest land, such an expansion additionally results from the need to clear trees, and the necessity to maintain the minimum distance from trees and/or their root systems (Table 1) . Moreover, in the case of a lack of the established area of limited use, the range of restrictions should be also expanded due to the exceedance of acceptable noise levels. The situation concerns only land for building construction (in accordance with the description included in Stage III). In reference to the remaining land, the acceptable threshold noise levels are not specified [76] . The procedure should be analogical in the case of exceeding acceptable values of components of the electromagnetic field, whereas threshold physical parameters characterising the effect of electromagnetic fields on the environment are applied exclusively on land for residential construction [75] .
Testing the Developed Methodology on a Model Object
The testing of the proposed methodology for determining the range of transmission easement was performed on a model object-a double track 400 kV overhead power line. The selection of the aforementioned object was based on the choice of a device with the highest technical parameters in order to illustrate the scale of differences between the ranges currently established by companies ( Table 4 , the first case study) and those resulting from the developed concept.
The determination of the range of transmission easement on the model object involved adopting the following assumptions:
1.
Type of transmission device: overhead power line.
2.
Technical parameters: double track 400 kV power line, constructed on grid mast series E33 (developed on reinforced concrete foundations). The minimum distance between the phase conductor and the ground is 13.4 m. The span length is 350 m-500 m. The maximum reach (projection) of the outer wires of the line on the xy-plane is 21.06 m (10.53 m from the line axis).
3.
It was assumed that no area of limited use was established for said power line.
4.
It was assumed that the model object runs through three cadastral parcels, and that the analysed area is subject to a local spatial development plan stipulating that: (a) cadastral parcel No. 1 is located in a single family housing area; (b) cadastral parcel No. 2 is located in an agricultural area; and (c) cadastral parcel No. 3 is located in a forest area.
5.
It was assumed that operation activities would be performed by means of a vehicle with a maximum width of 2.50 m due to the width of the traffic lanes and would concern each parcel irrespective of the land use. Considering the movement of the vehicle on both sides of the device, and the possibility of its rational manoeuvring, the range of 27.00 m (13.5 m from the line axis) was adopted. 6.
The width of the belt of tree clearing was calculated in accordance with the following formula [82] : The noise level for the model power line was adopted following Jaworowska-Jurewicz [99] , who for an analogical line with the same technical parameters and identical technical specifics, in an environmental impact forecast, determined it to be in a range of 28 dB to 35 dB during good weather conditions and above 50 dB exclusively during bad weather. The author demonstrated that admissible noise levels were exceeded at a maximum distance of up to 20 m from the line axis. The above arrangements, however, only concern land for building development (cadastral parcel No. 1). On agricultural and forest land, the noise level is not subject to any norms in Poland (Table 3 ). 8.
The intensity of the magnetic field for the model power line was adopted following Jaworowska-Jurewicz [99] , who for an analogical line determined it for max. H = 24.9 A/m. The admissible level of intensity of the magnetic field ( Table 2) was not exceeded anywhere. Therefore, the parameter has no impact on the range of the established easement. 9.
The intensity of electric field for the model power line was adopted following Jaworowska-Jurewicz [99] for max. E = 4.22 kV/m. At the threshold value of 1 kV/m for areas of residential building development (Table 2) , the author determined that the intensity was exceeded at a maximum distance of up to 25 m from the line axis. The above determinations, however, only concern cadastral parcel No. 1. For the remaining cadastral parcels No. 2 and 3, threshold values for the intensity of the electric field have no effect on the range of transmission easement. In areas accessible for people (agricultural and forest land), the parameter cannot exceed 10 kV/m ( Table 2 ).
The above assumptions permitted the determination of the ranges of transmission easement for the model object ( Figure 2 ) in accordance with the methodology developed by the authors (Figure 1 ). 
Conclusions
Due to their economic importance, easements are usually of permanent character. Therefore, restrictions imposed on real estate are permanent as well. At the same time, a form of land use may be regarded as sustainable if no permanent or progressive deterioration of its suitability to the land occurs over a reasonably lengthy period of future [31] . Due to the above, all legal actions with consequences in the form of land use must be rational and consider broadly defined environmental aspects [91] .
The article presents the analysis of the rules of determination of the ranges of restrictions resulting from established transmission easements in Poland. Analyses of legal acts, norms and technical guidelines, survey results, and case studies showed the arbitrary approach of transmission companies to the determined ranges. This confirmed the presumptions of the authors concerning the lack of coherent rules for their determination, as well as a lack of substantive justification of the demands of the companies. It also evidenced the need for rational land use (including its rational restriction), pointing to the current particularly harmful solutions in reference to agricultural and forestry areas.
The methodology of determination of the range of restrictions accompanying easements developed in accordance with the objective of the article showed that next to basic factors, such as the type of transmission device and its technical parameters, the range particularly depends on the land use, as confirmed by the test study on the model object.
The methodology for determining the scope of transmission easement proposed by the authors can constitute a coherent and uniform model of action for all transmission companies in Poland. The proposed concept draws attention to the environmental problem resulting from the demands of entrepreneurs and the passive approach of political institutions. In the pragmatic aspect, it offers the chance to overcome the "information chaos" accompanying currently determined ranges. As a consequence, it can constitute base material for works of relevant institutions on legal provisions that would regulate the issues.
The idea discussed herein can also contribute to an increase in the awareness of land owners in reference to the properties and range of restrictions resulting from the established easement. With proper implementation, it can also be introduced in a similar institutional-legal environment in other countries.
